Abstract: To investigate heart rate variability in response to psychological tests (Japanese version of Stroop color word test and mirror drawing test) in 29 hand-arm vibration syndrome (HAVS) patients, 16 of them with vibration-induced white finger (VWF) and 13 without VWF, and 10 healthy controls of similar age, heart rate variability during spontaneous and deep (6 cycles a minute) breathing in supine position before and after exposure to the psychological tests was examined calculating frequency domain components such as low frequency (LF) power-index of both the sympathetic and parasympathetic activity, high frequency (HF) power-index of the parasympathetic activity and LF/HF-index of the sympathovagal balance. The group of all patients and the group without VWF indicated significant increase in LF/HF in the deep breathing measurement after exposure to the psychological tests. The result suggests that the sympathetic tone in the sympathovagal balance predominated in the HAVS patients which means that they had larger sensitivity of the sympathetic nervous system to the psychological tests.
Introduction
It has been demonstrated that hand-arm vibration syndrome (HAYS) patients had higher prevalence rates of many symptoms related to the autonomic nervous system than healthy controls which suggest that exposure to hand-arm vibration might affect autonomic nervous function besides the peripheral circulation, peripheral nervous and musculoskeletal systems 1-4). In some studies5-10), cold exposure induced hyper-response of the sympathetic nervous system as measured by means of plasma catecholamines and cyclic nucleotides and urinary catecholamines has been *To whom correspondence should be addressed .
observed in vibrating tool operators.
In many studies of circulatory physiology and clinical medicine as well as occupational and environmental health, analysis of heart rate variability (HRV) has been used to estimate cardiac autonomic functions ' 11-16) . A variety of analyses of HRV have been proposed, such as time domain (non-spectral) and frequency domain (spectral) analyses.
The time domain analysis has been used to assess the overall magnitude of HRV using relatively simple statistics, such as the mean, SD of R-R intervals and CV assessed from electrocardiograph (ECG) measured during spontaneous breathing, deep breathing (6 cycles a minute), quite breathing and Valsalva maneuver9 -11,14,17-19) . Recently, the frequency domain analysis of R-R intervals The purpose of the present study was to investigate HRV in response to psychological test in a group of HAVS patients assessed by the frequency domain analysis.
Materials
and Methods
Subjects
Twenty nine HAYS patients (group of all patients), 16 of them (male, age ranged from 55 to 66) with a history of attacks of VWF during the past year (group with VWF) and 13 of them (male, age ranged from 54 to 65) with no experience of attacks of VWF (group without VWF), and 10 healthy controls (male, age ranged from 51 to 64), were examined. The patients were chainsawmen and tunnel construction workers from the southern part of Japan and had been officially diagnosed with HAYS by the Japanese Ministry of Labour through examinations of finger skin temperature, nail compression test, vibration perception threshold, pain threshold, gripping power and cold provocation test [Labour standards Bureau, Japanese Ministry of Labour, 1977] . The patients were under treatment for HAYS and vibration exposure has been ceased in all of them. The job titles of the healthy controls were as follows: office worker, fisherman, community cleaner and farmer. They were selected from the same area. None of the subjects had ever suffered from cardiovascular, neurologic, or other potentially confounding disorders such as pneumoconiosis, diabetes mellitus, hypertension, cerebrovascular disease, liver disease, multiple sclerosis, or hyperlipemia.
There was no statistically significant difference in the mean age, body height, body weight, body mass index, number of current smokers and drinkers among the groups as shown in Table 1 . The duration of exposure to hand-arm vibration, time after cessation and time under treatment did not differ among the patient groups.
Experimental protocol
In order to avoid the circadian rhythm effect on heart rate, the experiment was conducted from 09:00 to 16:00. The subjects did not consume any beverage containing caffeine, nicotine and alcohol during the experimental session, and did not take any medication at least for 24 hr before the session that might have contributed to the symptoms or clinical findings of the study. The temperature of the experiment room was maintained at 25 ± 1 °C.
All the subjects agreed to participate in the study and gave written informed consent after they were informed of the purpose of the study and possible risks therein. After setting of electrodes for ECG measurement, the subjects were instructed to begin a 40-min resting baseline period, followed by a 20-min psychological test performance period as shown in Fig. 1 . The psychological tests, Japanese version of Stroop color word test (CWT) for 10 minutes and mirror drawing test (MDT) for 8 minutes, were performed in sitting position and the subjects heard a 1-min instruction before starting of CWT and MDT, respectively19~. If a subject is exposed to a psychological test alone for a long period of time, the subject may be accustomed25~. Therefore, we used combined exposure to the mentioned two tests in this study.
Data collection and management
The R-R intervals were measured by ECG in supine position at first during spontaneous breathing for 2 min and then during deep breathing for 2 min of regular inspiration and expiration with five second intervals (6 cycles a minute) before and after exposure to the psychological tests. A rate of 6 cycles a minute for deep breathing was used since this frequency has been reported to arouse maximal sinus arrhythmia". The ECG signal was recorded and stored on FM tape by a data recorder (TEAC R-61) and was played back and digitized feeding into a microcomputer (NEC PC-9801 DX) with an analog to digital Manipulation check After the CWT and MDT performance and data recordings, the subjects were asked to rate the experienced discomfort to each test on a 1(none) to 5 (extreme) scale and also to answer the questions of the questionnaire used in the present study.
Statistical analysis
Student t-test, paired t -test and Chi-square test with Yates' correction were used to test levels of significance. Statistical significance was considered when p<0.05.
Results
The prevalence of subjective symptoms localized and not localized in the upper limbs complained by the patients and controls is shown in Table 2 . The patient groups had higher prevalence rates of the most symptoms than the controls (p<0.05, p<0.01, p<0.001, p<0.0001, p<0.00001). There was no difference in the prevalence of subjective symptoms between the groups with and without VWF. Table 3 shows the severity of discomfort expressed in scores of subjective complaints to the psychological tests. The mean scores of subjective complaints of the group of all patients and the group with VWF were larger than that of the controls (p<0.05) in the CWT; however, the mean scores of the patient groups were not different from that of the controls in the MDT. Table 4 shows the LF power, HF power and LF/HF of the patients and controls during spontaneous and deep (6 cycles a minute) breathing in supine position before and after exposure to the psychological tests. Although an increasing tendency of the LF power and LF/HF was observed in all groups, only the group of all patients and the patient group without VWF indicated significant increase in LF/ HF in the deep breathing measurement after the exposure (p<0.01).
The numbers (percentages) of the subjects in the controls, group of all patients and groups without and with VWF who indicated an increase in LF/HF in the deep breathing measurement after exposure to the psychological tests were 6 (60%), 19 (63%), 10 (77%) and 9 (56%), respectively (Fig.  2) . There was no significant difference among the groups in the numbers (percentages) of the subjects who indicated increased LF/HF due to exposure to the psychological tests.
Discussion
It has been reported that patients with HAYS had higher prevalence rates of the most subjective symptoms relating to the autonomic nervous system than controls"4). The present study confirmed that the patient groups had higher prevalence rates of the most subjective symptoms than the controls. Previously, the time domain analysis has been used to assess the autonomic nervous function in terms of the overall magnitude of HRV using relatively simple statistics, such as the mean R-R interval, SD of R-R intervals and CV which do not correspond separately to the involved branch of the autonomic nervous System9 ' 10,17-19) ,
In an attempt to understand the neural mechanisms that modulate heart rate, frequency domain analysis has been used to define the frequency components of HRV in animals, healthy subjects, patients with diabetes mellitus and patients with HAVS'4, 21, 22, 24). Some studies view the LF power as reflecting both the sympathetic and vagal influences and the HF power as a quantitative marker of the parasympathetic modulation20-23). The LF/HF is considered by some investigators to mirror the sympathovagal balance or to reflect the sympathetic modulation2°-23~. An increase in LF power is observed during tilt22), mental stress27), or moderate exercise28) in healthy subjects. Conversely, an increase in Table 2 . Prevalence of subjective symptoms complained by the controls and patients Table 3 . Scores of subjective complaints of the controls and patients rated after exposure to psychological tests HF power is induced by controlled respiration, cold stimulation of the face, and rotational stimuli29>.
In the present study using the frequency domain analysis to assess the HRV, the group of all patients and the group without VWF indicated significant increase in LF/HF in the deep breathing measurement after exposure to the psychological tests. The result seems to be an indicator of increased sympathetic tone in the sympathovagal balance in response to the psychological tests in the HAVS patients, especially in the group without VWF. In a previous study21~, the HF power has been reported to be twice of the LF power measured during breathing in synchrony with a metronome at 15 cycles a minute in supine position which is somehow similar to the present study result during spontaneous breathing. The LF power in the present study increased during deep breathing but was not enough to be larger than respective HF power as similar has been reported in a previous study30~. The R-R response to deep breathing is dependent on the way the subject performs the test31~, on the other hand, synchronization of breathing at 6 cycles a minute requires some training and results may be partly dependent on the subjects' motivation to perform the test; finally, the air volume inhaled or exhaled during one or several `deep' breaths may vary considerably within the same subject or from one subject to another and this may be a further source of data scattering32~. The LF power and LF/HF did not show so much increment Table 4 . LF power, HF power and LFIHF of the controls and patients before and after exposure to psychological tests Fig. 2 . The percentages of the subjects in the controls, group of all patients, patient group without VWF and patient group with VWF who indicated increased LFIHF in the deep breathing measurement after exposure to the psychological tests.
VWF, vibration-induced white finger; LF, low frequency; HF, high frequency.
IN HAND-ARM VIBRATION SYNDROME PATIENTS 387 due to exposure to the psychological tests in all groups of the present study. A reason may be that the subjects of this study were aged persons, and HRV is affected by aging33~. Other reason also may be considered. However, the purpose of this study was to investigate HRV in response to exposure to the psychological tests and the condition for all groups was the same; therefore, it is assumed that the above mentioned limitations did not influence on the result relating to the purpose of the present study. The involvement of the autonomic centers in the brain due to exposure to hand-arm vibration has been under discussion34, 35) In several studies using the CV of R-R intervals, plasma cyclic nucleotides and catecholamines, and urinary catecholamines, parasympathetic hypofunction and secondary hyper-response of sympathetic activity induced by cold exposure in vibrating tool operators have been demonstrated5 ' 8-10) . In other studies, there is an objective evidence that combined stressors of local vibration, noise, climate, and heavy work affect the auditory pathway between the acoustic nerve and the brainstem36, 37) In a laboratory study, Harada et al.38~ investigated sympathetic response to noise, vibration and cold exposure in the healthy subjects. In a study of chain saw workers, Heinonen et al.11~ found frequency related power to be decreased with age, and according to multiple linear regression analysis, the vibration exposure time had an independent decreasing effect on the HRV indexes during the deep breathing test which indicated that prolonged exposure to vibration caused by the use of chain saw possibly had a depressing effect on the parasympathetic activity. Murata et a1.24~ investigated effects of vibrating tool operation on the autonomic nervous system and found depressed CV and HF power during supine rest in vibrating tool operators (including young subjects) as compared with controls.
In this study, there was no intergroup difference in the HRV parameters in the before and after psychological test exposure measurements; however, in the deep breathing measurement after the exposure, the sympathetic tone in the sympathovagal balance increased significantly in the group of all patients and in the group without VWF. Though the mean score of subjective complaints of the patient group with VWF was high in the CWT and in the MDT, the increases in the LF power or LFIHF were not enough to reach statistical significance. Vibration syndrome in patients with VWF involves the cognitive process and attention function of the cerebral higher function (limbic functions)39~. This may be a reason of lower performance during the psychological tests used in this study and consequently may effect on the HRV 
